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ABSTRACT
General theory on parental provisioning predicts that 
mammalian offspring receiving more milk should show longer 
suckling bouts, greater total suckling time, longer 
intervals between bouts, and greater suckling success. For 
muskoxen I found that suckling bout duration and suckling 
success were positively correlated with milk intake during 
some but not all stages of lactation. Neither interval 
between suckling bouts, nor total suckling time, was 
correlated with milk intake. Growth of calves was 
positively related to milk intake, and among calves of the 
same age suckling efficiency (intake/min suckling) was 
highly related to body weight. Therefore, milk intake 
affects growth rate, which in turn affects suckling 
efficiency. The overriding influence of calf body size and 
suckling efficiency limits interpretation of differences in 
suckling behavior that can be attributed to milk intake by 
muskox calves and therefore to the provisioning strategy of 
the cow.
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INTRODUCTION
The growth rate of young north-temperate ruminants 
affects both the body size at which they begin their first 
winter and adult body size (Clutton-Brock et al. 1982). 
Early winter body weight of young affects their survival 
through the first winter (Clutton-Brock et al. 1982; Alados 
and Escos 1988), and adult body size can strongly influence 
reproductive success. For example, animals that grow 
slowly mature later in life (Sadleir 1969) and may have a 
relatively small adult body size (Clutton-Brock et al. 
1982). Females that are slow to mature will miss their 
early reproductive years, and in many species, adult males 
that are relatively small will have reduced access to 
females (Clutton-Brock et al. 1982). clearly, factors that 
support rapid, early growth may have a strong evolutionary 
basis.
In young ruminants, growth rate is determined 
primarily by milk intake (Payne and Wheeler 1968; 
Butterworth et al. 1968; Geist 1971; Shackleton 1973; 
Sadleir 1980; Doney et al. 1981; Fennessy 1982; Wehausen 
1983; Loudon and Kay 1984; White and Luick 1984). That 
relationship can be so strong that growth rate sometimes is
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used as a relative measure of milk intake (Doney and Munro 
1962; Milne 1987; Mendl and Paul 1989). Milk transfer from 
mother to young is a key characteristic of mammals. 
Evolutionary and ecological factors have shaped milk 
transfer so that nutritional transfer is maximized while 
mortality causing factors, such as predation and 
environmental exposure, are minimized. Suckling behavior 
may reflect the integration of these selective forces.
Many researchers have used observed differences in 
suckling behavior to draw conclusions about relative 
differences in milk intake (Geist 1971; Shackleton 1973; 
Horejsi 1976; Berger 1979; Clutton-Brock et al. 1982; 
Jingfors 1984; Gauthier and Barrette 1985; Festa-Bianchet 
1988). Observed differences in suckling behavior between 
populations of mountain sheep (Ovis spp.) led Geist (1971) 
and Shackleton (1973) to suggest that lambs with longer 
suckling bouts, greater daily suckling time, longer 
intervals between suckling bouts, and fewer suckling 
refusals by their dams appeared to grow faster and probably 
received more milk. Horejsi (1976) and Clutton-Brock et 
al. (1982) reported similar results in bighorn sheep (Ovis 
canadensis) and red deer (Cervus elaohus), respectively. 
However, Horejsi (1976) and Clutton-Brock et al. (1982)
suggested that greater milk intake is associated with
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shorter intervals between suckling bouts, not with longer 
intervals as Geist (1971) and Shackleton (1973) suggested.
The four studies mentioned above were of free-living 
animals, and growth rates and milk production were not 
measured. Loudon et al. (1983) measured calf growth, milk
production, and suckling behavior of captive red deer.
Their results show a pattern like that suggested by Geist 
(1971) and Shackleton (1973) for mountain sheep, that is 
longer bouts, longer intervals between bouts, greater total 
suckling time, and fewer suckling refusals among calves 
with a higher milk intake. Those results led Loudon and 
Kay (1984) to suggest that suckling behavior is a good 
indicator of milk yield and indirectly of maternal 
nutrition.
Jingfors (1984) found that muskox calves from a 
population in which young appeared to grow faster and 
mature sooner also had longer suckling bouts, and 
presumably received more milk, than calves from a 
population in poorer habitat. Differences in suckling 
behavior were hypothesized (Jingfors 1984) to be a useful 
indicator of relative differences in range quality and herd 
productivity in muskoxen. Jingfors (1984) proposed that
12
range quality affects milk yield, which in turn affects 
suckling behavior.
The objectives of the present study were 1) to test 
the hypothesis that suckling behavior of muskoxen is a good 
indicator of relative milk intake by testing the 
predictions that muskox calves receiving more milk would 
show longer suckling bouts, longer intervals between bouts, 
greater total suckling time, and greater suckling success, 
than calves receiving less milk, and 2) to explore the 
relationship of milk intake with calf growth and its 
effects on suckling behavior of muskox calves. This paper 
discusses growth, suckling behavior, and suckling 
efficiency of captive muskox calves from 16 to 71 days of 
age.
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MATERIALS AND METHODS
This study was conducted at the Large Animal Research 
Station (LARS), Institute of Arctic Biology, University of 
Alaska Fairbanks, Fairbanks, Alaska, during the summers of 
1984 and 1985. Three female muskoxen, each with her calf 
of the year, were studied in both years (Table 1). In 1984 
there were one female (FI) and two male (Ml and M2) calves; 
in 1985 there were one male (M3) and two female (F2 and F3) 
calves. LARS staff had bottle-raised all three cows: Red 
and Brown in 1981, and Sine in 1982. Consequently, the 
cows were tame, which allowed regular handling with little 
stress to the animals. All cows and calves were weighed to 
the nearest 0.5 kg twice each week during the study period. 
Cows and calves grazed pasture and received supplementary 
brome (Bromus sp.) hay. Cows also received a pelleted 
ration (Quality Texture, Fisher Mills, Seattle, WA; White 
et al. 1989). During the study each cow-calf pair was 
penned alone.
Behavioral observations were recorded on a three-week 
schedule. During the first week, each cow-calf pair was 
observed for two 12-hour shifts: a day-shift starting at 
0800 (Alaska Daylight Time) and a night-shift starting at
14
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Year Cow ID Sex
Calf
Birth
date
Birth 
weiqht(kq)
1984 Sine FI F 6 May 11
Brown Ml M 2 4 May 11
Red M2 M 6 May 11
1985 Sine F2 F 2 9 May 9
Brown F3 F 1 June 10
Red M3 M 2 June 11
Calf birthweight did not differ significantly between years 
(t=1.73, df=4, p=0.16).
2000. During the following two weeks, each pair was 
observed for another 24 hours: a day-shift in one week, and 
a night-shift in the other. Observers watched the animals 
from towers about 3.5 m tall, which allowed good views of 
the entire pens.
The observational sampling method was continuous 
observation of one or two focal cow-calf pairs (Altmann 
1974) . Observers recorded each behavior change into a 
field computer (Notepad II, J. Stuart Enterprises, Grass 
Valley, CA). The computer's internal clock recorded the 
time of each behavior change, thus allowing calculation of 
the duration of behaviors and the length of intervals 
between behaviors.
Observers recorded the beginning and end of all 
suckling bouts and the occurrence of all unsuccessful 
suckling attempts. Timing of suckling bouts started when 
the calf first bunted the cow's udder. Although long hair 
hid the udder from view, bunting was easily noted by 
watching the calf or by watching the cow's rump, which 
bounced each time the calf bunted. Timing ended when 
either the cow or the calf ended the bout. By the time a 
calf was 16 days of age the cow ended almost all bouts, 
either by walking away or by spinning around to face the
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calf, sometimes threatening to hit or actually hitting the 
calf with her horns. I defined successful suckling bouts 
as those of 5 seconds or more, and unsuccessful bouts as 
those shorter than 5 seconds. With these definitions I 
hoped to separate suckling bouts in which the calf received 
milk from unsuccessful suckling attempts and bouts so short 
that the calf received no milk. Unsuccessful suckling 
attempts included those occasions when the calf reached for 
the udder but was rebuffed by the cow before bunting. Cows 
rebuffed calves in the same ways they ended successful 
suckling bouts.
Behavioral variables calculated for each calf for each 
observation shift included 1) the duration of each suckling 
bout, 2) the length of each interval between successive 
suckling bouts, 3) total suckling time, and 4) suckling 
success (the proportion of all suckling attempts during an 
observation shift that was successful). Thus, each shift 
yielded several measures of bout durations and interbout 
intervals, and one estimate each of total suckling time and 
suckling success.
The relation of each behavioral variable with milk 
intake was analyzed separately for each of four 14-day 
periods: Period 1 (16-29 days of age), Period 2 (30-43 days
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of age), Period 3 (44-57 days of age), and Period 4 (58-71
days of age). I hoped this would reduce the confounding 
effects of calf age and growth, and developing rumen 
function. In the first few weeks of life young ruminants 
consume only milk (Walker 1979; Kay 1985; Carl and Robbins 
1988). Grazing and rumen development begin when young are 
3 to 6 weeks old. Rumen size and function develop quickly, 
reaching relative maturity by 8 to 12 weeks of age (Church 
1969), by which time young muskoxen may graze as much as 
their dams (Parker et al. 1990), allowing the calf to 
supplement, and eventually replace milk as its main form of 
nutrition.
Concurrent with this study, the milk intake of each 
calf was estimated four or five times by the double-isotope 
method (Holleman et al. 1975, 1988; Carl and Robbins 1988; 
Parker et al. 1990). Those estimates of milk intake, 
reported by White et al. (1989), are used here. Each milk 
intake trial lasted two or three weeks and yielded a single 
estimate of daily milk intake (ml/d) for that period. 
However, the daily milk intake estimates for the different 
calves were not from equal age ranges. To allow 
comparison, therefore, new milk intake estimates were 
derived for the same age periods for all calves. For 
example, calf Ml received an average of 2254 ml milk/d
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during 8 to 25 days of age and 2146 ml milk/d during 26 to 
47 days of age. To calculate a daily milk intake estimate 
for 16 to 29 days, 10 days receiving 2254 ml/d (days 16 to 
25) was added to 4 days receiving 2146 ml/d (days 26 to 
29). This sum divided by 14 yields an estimated daily milk 
intake of 2223 ml/d for calf Ml during the period of 16 to 
29 days of age. Similar calculations were made for each 
calf for each age period as defined above. No milk intake 
values were available for calves FI and M2 during Period 2.
Those new estimates of milk intake were used in all 
subsequent tests and comparisons involving milk intake.
The relationship of milk intake with age was examined by 
simple linear regression for each calf. Comparison of milk 
intakes among calves was made by a Quade test (Conover 
1980), using only milk intake estimates for age periods 1,
3, and 4. Age period 2 was excluded from the comparison 
because milk intake estimates were not available for all 
calves.
The duration of each suckling bout was the total 
elapsed time from start to end of the bout. Successive 
bouts separated by less than 30 seconds were summed. 
Durations of successful suckling bouts seemed to be 
separated into two distributions, one of long bouts, and
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one of short. Prescott (1981) and Shackleton and Haywood 
(1985) suggest that long bouts are nutritive and short 
bouts are non-nutritive, functioning primarily to reinforce 
the mother-young bond, even though milk probably is 
received. Therefore, during the age period 16-29 days, I 
used a cutpoint of 35 seconds to separate long and short 
bouts. Over the remaining ages (30-43, 44-57, and 58-71 
days) I used a cutpoint of 20 seconds to separate long and 
short bouts. Analyses of suckling bout duration were made 
both with all-bout durations and with only long-bout 
durations. Also, I calculated the proportion of all bouts 
by all calves that were short during each age period.
The relation of bout duration with age was examined by 
calculating a simple linear regression of all-bout 
durations on age for each calf, and of log1Q 
transformations of long-bout durations on age for each 
calf. Comparisons of all-bout durations among calves were 
made using a Kruskal-Wallis test, and comparisons of log1Q 
transformations of long-bout durations among calves were 
made by analysis of covariance (ANCOVA), using age as the 
covariate. The relation of bout duration with milk intake 
was examined by calculating Spearman rank correlation 
coefficients (one-way) of relative ranks of both all-bout
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durations and long-bout durations with ranked milk intake 
for each of the four age periods.
The interval between two suckling bouts was the total 
elapsed time from the end of one successful bout to the 
start of the next successful bout. When short bouts were 
removed the interval between the remaining successful 
suckling bouts was recalculated, yielding long intervals. 
All analyses were done both on all intervals and on long 
intervals. The relation of interval with age was examined 
by simple linear regression for each calf. Comparisons of 
intervals among calves were made by a Kruskal-Wallis test. 
The relation of interval with milk intake was examined by 
calculating a Spearman rank correlation coefficient (one­
way) for relative ranks of intervals and ranked milk intake 
values for each of the four age periods.
Total suckling time was the percent of each 
observation shift that a calf spent suckling. The total 
time of an observation shift was the elapsed time from 
start to end of the shift, minus any time lost due to 
darkness. Twenty-four hours of day-light made observations 
possible throughout the night during most of the study 
period. As summer progressed and darkness returned, 
however, observations were temporarily suspended for one to
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two hours during the night when the animals could not be 
seen clearly. Total suckling time was calculated twice, 
once with all suckling bouts and once with only long 
suckling bouts. All analyses were done both on all-bouts 
total suckling time and on long-bouts total suckling time.
The relation of total suckling time with age was 
examined by simple linear regression of the log^ 
transformation of total suckling time on age. Comparisons 
of total suckling time among calves were made by ANCOVA, 
using age as the covariate. The relation of total suckling 
time with milk intake was examined by calculating a 
Spearman rank correlation coefficient (one-way) of relative 
ranks of total suckling time with ranked daily milk intake 
for each age period.
Suckling success was the proportion of all suckling 
attempts during each observation shift that was successful. 
The relation of suckling success with age was examined by 
simple linear regression for each calf. Comparisons of 
suckling success among calves were made using a Kruskal- 
Wallis test. The relation of suckling success with milk 
intake was examined by calculating a Spearman rank 
correlation coefficient (one-way) of relative ranks of
22
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suckling success with ranked milk intake for each age 
period.
Calf growth curves were described by simple linear 
regressions of body weight (kg) on age between 16 and 71 
days of age. The growth rate of each calf was given by the 
slope of its individual body weight regression.
Comparisons of body weight among the calves were made by 
ANCOVA, using age as the covariate.
The relation of growth rate (kg/d) with milk intake 
(ml/d) was examined by simple linear regression of calf 
growth rate on average daily milk intake. For each calf, 
the average daily milk intake was the mean of the three 
daily milk intake estimates common to all calves (i.e., 
milk intake estimates for Periods 1, 3, and 4). Period 2 
was excluded for all calves because milk intake data were 
missing for two calves.
Suckling efficiency, the volume of milk received per 
unit time suckling (ml milk/min suckling), was calculated 
from estimates of daily milk intake (ml/d) and total 
suckling time (min/d). During each milk intake trial there 
were two, three, or four observation shifts, each yielding 
a measure of total suckling time. A suckling efficiency
estimate was calculated from each total suckling time and 
its corresponding daily milk intake value. To examine the 
effect of age, a simple linear regression of suckling 
efficiency on age was calculated for each calf.
Comparisons among calves of those regressions were made by 
ANCOVA.
The relation of suckling efficiency with body weight 
was examined by calculating a simple linear regression for 
suckling efficiency on body weight at each of 30, 40, 50, 
and 60 days of age. For each calf, suckling efficiency at 
each age was calculated from its regression equation for 
suckling efficiency on age. Similarly, the body weight at 
each age was calculated from its regression equation for 
body weight on age.
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RESULTS
Milk intake appeared generally to decline slightly 
with calf age (Table 2), although that decline was not 
significant (FI: n=3, r=-0.86, p=0.34; F2: n=4, r=-0.88, 
p=0.12; F3: n=4, r=-0.88, p=0.12; Ml: n=4, r=-0.35, p=0.65; 
M2: n=3, r=0.064, p=0.96; M3: n=4, r=0.19, p=0.81). The 
comparison among calves of milk intake estimates from age 
periods 1, 3, and 4 showed that FI, Ml, and M2, who had the 
greatest milk intakes, received significantly more milk 
than F2 and M3, who had the lowest milk intakes (Quade 
test, p<0.05). Milk intake of F3 did not differ 
significantly from that of any other calf. The largest 
daily milk intake estimates ranged from 1.6 to 2.2 times 
greater than the smallest intakes during the same age 
periods (Table 2).
A total of 823 hours of observation during 1984 and 
1985 included 426 suckling bout durations and 349 intervals 
between successive suckling bouts. Total suckling time and 
suckling success were calculated for 73 observation shifts.
Two of 349 intervals between suckling bouts were 
shorter than 30 seconds, therefore four bouts were summed
25
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Table 2. Estimates of daily milk intake (ml) for muskox 
calves during each of four age periods, after White et 
al. (1989). Milk intakes were determined by the double­
isotope method.
Calf Age (days)
Calf 16-29 30-43 44-57 58-71
FI 2389 — 2123 2178
F2 1518 1558 1415 1149
F3 1928 2028 1533 1427
Ml 2223 2147 2353 2031
M2 1827 — 2150 1776
M3 1193 1380 1091 1357
into two bouts, leaving a total of 424 suckling bout 
durations and 347 inter-bout intervals. The proportion of 
bouts that were short generally decreased with age (Period 
1 = 0.40, Period 2 = 0.16, Period 3 = 0.20, Period 4 =
0.08) (Fig. 1).
Durations of all suckling bouts decreased with age for 
each calf (FI: n=55, r=-0.45, p<0.001; F2: n=66, r=-0.51, 
p<0.001; F3: n=54, r=-0.30, p=0.025; Ml: n=65, r=-0.38,
p=0.002; M2: n=109, r=-0.17, p=0.08; M3: n=75, r=-0.30,
p=0.008). Comparison of all-bout durations among calves 
over the whole 16-71 days of age range showed that calf FI 
had significantly longer bouts than calves F2, M2, and M3
(p<0.05) and Ml had significantly longer bouts than M3
(p<0.05). There were no other significant differences 
among the calves.
Durations of long suckling bouts decreased 
exponentially with calf age (Fig. 1). Analysis of 
covariance comparisons of the log10 transformations of 
long-bout durations showed no significant differences among 
calves in the rate of decline with age in long-bout 
duration, except between Ml and M2. Ml had the greatest 
rate of decline in long-bout duration, significantly 
greater than that of M2 (F=10.15, df=l, p=0.002), who had
27
CALF AGE (d)
Figure 1. Log10 transformations of the durations of suckling bouts by six 
muskox calves in relation to age. Heavy circles denote bouts classified as 
long, nutritive bouts. Light circles denote bouts classified as short, non­
nutritive bouts. Regression equations for log10 (long bout duration) with age 
are listed in Appendix 1. Short bouts were excluded from regression analyses. 
Unsuccessful suckling bouts are not shown. to03
the lowest rate of decline (Fig. 1). Among calves with 
similar decline rates, the comparison of regression 
elevations showed that FI had longer long-bouts (F=11.20, 
df=4, p<0.001) than F2, F3, M2, and M3, among whom there 
were no differences (F=0.63, df=3, p=0.60). Differences in 
long-bout duration between FI and Ml were not significant 
(F=0.04, df=l, p=0.84), and Ml also had significantly 
longer long-bouts than F2, F3, and M3 (F=12.67, df=3,
p<0.001).
Generally, longer suckling bouts were correlated with 
greater daily milk intake. There was a significant, 
positive rank correlation between all-bout durations and 
milk intake during two of four age periods (Period 1: n=6, 
rho=0.3143, p>0.10; Period 2: n=4, rho=1.000, p<0.001; 
Period 3: n=6, rho=0.9429, p=0.005; Period 4: n=6, 
rho=0.7143, .05<p<.10). When only long-bout durations were 
compared with milk intake that relationship was stronger, 
being significant in the last three age periods (Period 2: 
n=4 , rho=1.000, p<0.001; Period 3: n=6, rho=0.8286, 
p=0.025; Period 4: n=6, rho=0.9429, p=0.005), and on the 
borderline of significance in the first age period (Period 
1: n=6, rho=0.7714, p=0.05). (Note that the rejection 
region for Spearman's rank correlation coefficient includes 
only p<0.05 when alpha=0.05 (Conover, 1980)).
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Intervals between successful suckling bouts varied 
widely, from a few minutes to more than five hours (Fig.
2). When all intervals were included the distribution 
clearly was skewed toward shorter intervals (Fig. 2a).
When short bouts were removed, leaving only intervals 
between long bouts, the distribution appeared much more 
normal (Fig. 2b).
Interval length increased significantly with age for 
all calves (FI: n=42, r=0.40, p=0.008; F2: n=53, r=0.32, 
P=0.02; F3: n=42, r=0.68, p<0.001; Ml: n=54, r=0.44, 
p<0.001; M2: n=92, r=0.51, p<0.001; M3: n=64, r=0.40, 
p=0.001) when all intervals were considered. However, when 
only intervals between long bouts were included, that 
relationship was significant for only three of the six 
calves (FI: n=29, r=0.59, p<0.001; F2: n=45, r=0.22, 
p=0.15; F3: n=30, r=0.66, p<0.001; Ml: n=33, r=0.22, 
p=0.22; M2: n=62, r=0.29, p=0.02; M3: n=43, r=0.29, 
p=0.06). This most likely was because short bouts and 
their accompanying short intervals occurred principally at 
young ages (Fig. 2).
Among the calves, there were fewer significant 
differences in long-bout intervals than in all-bout 
intervals. Comparing all-bout intervals among calves, M2
30
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INTERVALS (min)
Figure 2. Length of intervals (min) between successive 
suckling bouts by muskox calves from 16 to 71 days of age, 
showing intervals (a) between all suckling bouts, and (b) 
between only long suckling bouts.
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had significantly shorter intervals than all other calves 
(p<0.05), M3 had shorter intervals than FI, F2, and F3, and 
Ml had shorter intervals than FI. Comparing only long-bout 
intervals, those for M2 again were significantly shorter 
than those of all other calves (p<0.05), and those of M3 
were shorter than those of FI and F3 (p<0.05). There were 
no other differences in intervals among the calves 
(p>0.05).
Length of intervals between suckling bouts was not 
related to milk intake. Rank correlations between all 
intervals and milk intake were not significant at any age 
(Period 1: n=6, rho=0.0286, p>0.10; Period 2: n=4, 
rho=0.600, p>0.10; Period 3: n=6, rho=0.0857, p>0.10;
Period 4: n=6, rho=-0.0286, p>0.10), and rank correlations 
between long intervals and milk intake also were not 
significant at any age (Period 1: n=6, rho=0.2571, p>0.10; 
Period 2: n=4, rho=0.600, p>0.10; Period 3: n=6, 
rho=0.1429, p>0.10; Period 4: n=6, rho=-0.0286, p>0.10).
Total suckling time decreased exponentially with age 
for all calves (Fig. 3). There were no differences among 
the calves in the rate of decrease of log10 total suckling 
time, either when all suckling bouts were included (F=0.48, 
df=5, p=0.79; ANCOVA), or when only long bouts were
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Figure 3. Exponential decline with calf age in total 
suckling time (percent of each observation shift) including 
(a) all suckling bouts, and (b) only long suckling bouts. 
Regression equations for log10 (total suckling time) with 
age are given in Appendix 2.
included (F=0.24, df=5, p=0.94). Among calves, there were 
fewer differences in long-bout total suckling times than in 
all-bout total suckling times. When all bouts were 
included, analysis of covariance showed that F3 had a lower 
total suckling time (F=4.73, df=5, p=0.001) than all other 
calves, among whom there were no differences (F=2.47, df=4, 
p=0.055). When only long bouts were included, F3 had a 
significantly lower total suckling time than only Ml 
(F=30.67, df=l, p<0.001), and there were no other 
differences among the calves.
Total suckling time was not related to milk intake 
when all suckling bouts were included (Period 1: n=6, 
rho=-0.0286, p>0.10; Period 2: n=4, rho=0.20, p>0.10;
Period 3: n=6, rho=0.7714, p=0.05; Period 4: n=6, 
rho=0.7714, p=0.05), nor when only long bouts were included 
(Period 1: n=6, rho=0.0580, p>0.10; Period 2: n=4, 
rho=0.40, p>0.10; Period 3: n=6, rho=0.7714, p=0.05, Period 
4: n=6, rho=0.7714, p=0.05). In both cases, however, the 
last two age periods showed a tendency for higher total 
suckling time to be associated with higher daily milk 
intake.
Suckling success, that proportion of attempts during 
an observation shift that was successful, ranged from 0.22
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to 1.00 (Fig. 4), and was not related to calf age (FI: 
n=13, r=-0.53, p=0.06; F2: n=12, r=0.57, p=0.052; F3: n=ll, 
r=-0.56, p=0.07; Ml: n=12, r=-0.24, p=0.46; M2: n=14, 
r=-0.45, p=0.11? M3: n=ll, r=-0.025, p=0.94). There were 
no differences in suckling success among FI, F2, Ml, and 
M2, who had significantly greater success (p<0.05) than F3 
and M3, who were not different. Suckling success was 
significantly and positively correlated with daily milk 
intake during the two earliest age periods (Period 1: n=6, 
rho=0.8286, p=0.025; Period 2: n=4, rho=0.9487, p<0.05), 
but was not correlated with milk intake during the two 
latter periods (Period 3: n=6, rho=0.6377, p>0.10; Period 
4: n=6, rho=0.0286, p>0.10).
When milk intake and the different behaviors were 
examined together, calves FI and Ml tended to have the 
greatest values and calves F2 and M3 tended to have the 
lowest values. However, calves M2 and F3 varied widely, 
having higher values in some variables and lower values in 
others (Table 3).
Body weight increased linearly as a function of age 
for each calf (Fig. 5). Growth rates ranged from 282 g/d 
to 499 g/d (Table 4). Rate of growth was not significantly 
different between calves FI and M2 (F=0.26, df=l, p=0.62),
35
36
SUCKLING SUCCESS
Figure 4. Suckling success (proportion of attempts during 
each observation shift that was successful) by six muskox 
calves from 16 to 71 days of age. Suckling success was not 
related to calf age.
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Table 3. Comparison of differences in milk intake and 
behavior among six muskox calves from ages 16 to 71 days. 
Animals connected by a line above or below were not different 
at alpha=0.05.
Greatest Least
Milk intake Ml FI M2 F3 F2 M3
Bout duration (all) FI Ml F3 F2 M2 M3
Bout duration (long) FIFI
Ml
F3
F3
M2
F2
F2
M3
M3
Interval (all) FI F2 F3 Ml M3 M2
Interval (long) FI F3 Ml F2 M3 M2
Total suckling time (all) Ml M2 FI M3 F2 F3
Total suckling time (long) Ml M2 FI F2 M3 F3
Suckling success FI Ml M2 F2 F3 M3
BOD
Y 
WE
IGH
T 
(kg
)
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Figure 5. Growth of six muskox calves from 16 through 71 
days of age. The regression equation of body weight on age 
for each calf is listed in Table 4.
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Table 4. Individual regression equations of body weight 
(Y/k<?) in relation to age (x,d) for six muskox calves from 16 
to 71 days of age.
Calf Equation n SEb r P
FI Y = 11.3 + 0.482 X 16 0.0174 0 .991 <0.001
F2 Y = 10.7 + 0.282 X 16 0.0126 0 . 986 <0.001
F3 Y = 13.5 + 0.394 X 16 0.0207 0. 981 <0.001
Ml Y = 12 . 8 + 0.435 X 16 0.0132 0.994 <0.001
M2 Y = 6.4 + 0.499 X 17 0.0288 0 . 976 <0.001
M3 Y = 10.6 + 0 . 284 X 19 0.0145 0 . 979 <0.001
who had the highest growth rates, between calves Ml and F3 
(F=2.73, df=l, p=0.11), or between calves F2 and M3 
(F=0.01, df=1, p=0.9), who had the lowest growth rates.
All other differences in growth rates among calves were 
significant (p<0.05). Within pairs with similar growth 
rates, calf FI was significantly heavier than calf M2 
(F=60.1, df=l, p<0.001), and calf Ml was significantly 
heavier than calf F3 (F=7.61, df=l, p=0.01). There was no 
difference in body weight between calves M3 and F2 
(F=0.002, df=l, p=0.96).
Calf growth rate was positively and significantly 
correlated (n=6, r=0.89, p=0.017) with milk intake (Fig.
6). The slope of that regression line was 0.197 g/ml, or 
approximately 200 g extra daily growth for each additional 
1000 ml of milk ingested per day.
Suckling efficiency increased linearly with calf age 
(Fig. 7). The rate of increase in suckling efficiency 
varied from about 4 to about 7 ml milk/min suckling per day 
(Table 5). Over the eight week study period suckling 
efficiencies increased four to five fold. Among the 
calves, differences in the rate of increase of suckling 
efficiency with age were not significant (F=0.84, df=5, 
p=0.53; ANCOVA). The suckling efficiencies of FI, F3, Ml,
40
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MEAN DAILY MILK INTAKE (ml)
Figure 6. Growth rate of six muskox calves (g/d + 1 se) in 
relation to mean daily milk intake (ml/d + 1 se). The 
regression equation is Y = 48.63 + 0.197 X, r = 0.89, 
p = 0.017.
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Figure 7. Suckling efficiency (ml milk/min suckling) in 
relation to age for six muskox calves from 16 to 71 days of 
age. The regression equation of suckling efficiency on age 
for each calf is listed in Table 5.
43
Table 5. Regression equations of suckling efficiency (y,ml 
milk/min suckling) in relation to age (x,d) for six muskox 
calves from 16 to 71 days of age.
Calf Equation n r SEb P
FI Y = 16. 3 + 5. 52 X 7 0 .838 1.611 0 . 019
F2 Y = 18. 0 + 4. 12 X 11 0.825 0.942 0 . 002
F3 Y = -17 . 8 + 6.99 X 11 0.951 0.757 <0.001
Ml Y = -46.8 + 6. 69 X 12 0. 971 0.518 <0.001
M2 Y = -28 . 3 + 6.33 X 9 0.821 1. 664 0.007
M3 Y = -102.4 + 6. 60 X 11 0.883 1.170 0 . 001
and M2 did not differ (F=l.ll, df=3, p=0.36), although they 
were greater (F=5.08, df=5, p=0.001) than those of F2 and 
M3, who also did not differ (F=0.04, df=l, p=0.84).
At a given age, suckling efficiency was positively 
correlated with body weight (Table 6). That is, among 
calves of the same age, a calf that weighed 5 kg more than 
another calf received 35 to 40 ml more milk per minute 
spent suckling.
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Table 6. Regression and correlation of estimated suckling 
efficiency (y,ml milk/min suckling) on estimated body weight 
(x,kg) at different ages for six muskox calves. Suckling 
efficiency and body weight for each calf at each age were 
calculated from the regression equations for suckling 
efficiency or body weight, respectively, on age for each 
calf.
Calf Age 
(days) Equation n r P
30 Y = -27 . 2 + 8 .00 X 6 0.765 0 . 076
40 Y = 2 . 9 + 7 . 94 X 6 0 .864 0 . 026
50 Y = 43 . 0 + 7 . 58 X 6 0.868 0 . 025
60 Y = 87 . 6 + 7 . 17 X 6 0 . 829 0 . 041
DISCUSSION
Typically, total daily suckling time and suckling bout 
duration decrease and the length of intervals between 
suckling bouts increases as young ungulates, including 
muskoxen, age (Munro 1956; Shackleton 1973; Grubb 1974; 
Clutton-Brock et al. 1982, Jingfors 1984; Shackleton and 
Haywood 1985; Robbins et al. 1987; Carl and Robbins 1988; 
Miller et al. 1988; Parker et al. 1990). The captive 
muskoxen in this study also followed this general pattern.
Average suckling bout durations of captive calves in 
this study were similar to those of other captive calves 
studied at LARS (Parker et al. 1990) and to those of free- 
living calves born during the normal calving period at 
Sadlerochit River, Alaska (Jingfors 1984) and free-living 
calves at Prince of Wales Island, NWT (Miller et al. 1988) 
(Fig. 8). Average durations of suckling bouts by two late- 
born calves at Sadlerochit River (Jingfors 1984) were 
longer, and bouts of calves at Bathurst Island were shorter 
(Jingfors 1984), than other suckling bouts reported 
(Fig. 8).
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Figure 8. Average durations of suckling bouts by free- 
living muskox calves (Prince of Wales Island, NWT, Miller 
et al. 1988; Bathurst Island, NWT, Jingfors 1984; early- 
born and late-born calves at Sadlerochit River, Alaska, 
Jingfors 1984) and by captive muskox calves (LARS, 
Fairbanks, Alaska, Parker et al. 1990; this study).
Jingfors (1980, 1984) suggested that the shorter 
suckling bouts by Bathurst Island calves reflected a lower 
milk intake that was due to lower plant productivity there. 
The captive animals (Parker et al. 1990; this study) and 
the free-living Sadlerochit River animals (Jingfors 1980, 
1984) were very productive; cows mature early, first 
calving when 2 or 3 years old, and calf production was high 
each year. However, reproduction by Bathurst Island 
muskoxen is subject to large yearly fluctuations due to 
weather. Jingfors (1980) suggested that the later age of 
first reproduction among cows at Bathurst Island, almost 
all cows with calves were at least 4 years old, better 
reflected the poorer range productivity there. Although 
calf production at Prince of Wales Island was high (15 
calves/16 cows in 1977; Miller et al. 1988), the age of 
first reproduction was not reported, so productivity there 
is difficult to assess.
Intervals between suckling bouts observed here were 
similar to those reported by Parker et al. (1990), but 
shorter than those found by Miller et al. (1988), who 
reported some intervals as long as nine hours. Total 
suckling times observed here were similar to those reported 
by Parker et al. (1990), and greater than those reported by 
Jingfors (1984) for muskoxen at Bathurst Island.
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Suckling bout durations observed in this study seemed 
to be separated into two groups: long bouts, and a smaller 
number of short bouts. Several other studies have reported 
long and short suckling bouts in ungulates (Table 7).
There is considerable variability in the lengths of long 
and short bouts. Species and age of young, among other 
factors, probably affect those bout lengths. Prescott 
(1981) and Shackleton and Haywood (1985) suggest that long 
bouts are nutritive and short bouts are non-nutritive, 
functioning primarily to maintain the mother-young bond.
The decrease with age found here in the proportion of 
suckling bouts that were short complements that idea, as 
the need to reinforce the mother-young bond probably 
decreases with calf age.
Generally, my results support the prediction that 
greater milk intake is associated with suckling bouts of 
longer duration. Milk intake was more strongly correlated 
with long-bout durations than with all-bout durations; 
long-bout durations were significantly correlated with milk 
intake during the three later age periods, and nearly 
significant during the first age period. Although my 
prediction was supported, suckling duration may not be a 
reliable indicator of milk intake, because the correlation 
was not significant at all ages.
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Table 7. Durations of long and short suckling bouts reported for various 
ungulate species.
Species Long Bouts Short Bouts Reference
African buffalo 
(Svncerus caffer caffer)
3-5 min 1-2 min Mloszewski 1983
White-tailed deer 
fOdocoileus virainianus)
4.3 min 1.0 min Hirth 1985
Llama
(Lama crlama crlama)
45-50 s 
105-110 s
15-20 s Prescott 1981
Zebra
(Ecruus burchelli anticruorum)
75-80 s 5-10 s Prescott 1981
Bighorn sheep 
(Ovis canadensis)
30-90 s 20-30 s Shackleton and 
Haywood 1985
Muskox (16-29 d) 
(Ovibos moschatus) (30-71 d)
40-280 s 
25-125 s
5-35 s 
5-15 s
this study
U1
o
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Young ruminants known or thought to receive more milk 
have been reported to suckle more often (Horejsi 1976; 
Clutton-Brock et al. 1982), less often (Geist 1971; 
Shackleton 1973; Loudon et al. 1983), or no differently 
(Fletcher 1971) than young receiving less milk. Although I 
initially predicted that longer inter-bout intervals would 
be positively correlated with greater milk intake, this 
study revealed no significant relationship between the two 
variables. Inclusion or removal of short bouts did not 
affect that result.
Geist (1971), Shackleton (1973), Horejsi (1976), and 
Loudon et al. (1983) suggest that total suckling time is 
positively related to milk intake. Horejsi (1976) further 
suggests that total suckling time may be the most accurate 
and reliable behavioral measure of milk intake. This 
study, however, failed to support the prediction that total 
suckling time and milk intake are positively correlated.
No significant relationship was found between milk intake 
and total suckling time during any of the four age periods, 
although there was a positive trend during the two latter 
age periods. Inclusion or removal of short bouts from the 
estimates of total suckling time did not affect that 
result. Initially I predicted that total suckling time
would be positively correlated with milk intake. However, 
this study showed no significant relationship between the 
two, and at best only an unreliable trend. Total suckling 
time appears not to be a useful measure of milk intake in 
muskoxen.
Suckling success has been reported to be either higher 
(Geist 1971; Shackleton 1973; Loudon et al. 1983) or lower 
(Clutton-Brock et al. 1982; Milne 1987; Festa-Bianchet 
1988) for calves receiving more milk. This study partly 
supported the prediction that greater milk intake would be 
associated with greater suckling success. Milk intake and 
suckling success were positively correlated during the 
first two age periods, but not correlated during the last 
two age periods. Because the relationship between suckling 
success and milk intake appears to be variable, suckling 
success probably is an unreliable indicator of milk intake.
Berger (1979) suggests that duration of suckling bouts 
is an inadequate indicator of milk intake because it does 
not take into account the length of time between bouts. 
Conversely, Fletcher (1971) suggests that interval length 
is an inadequate indicator of milk intake because it does 
not take into account the duration of bouts. Total 
suckling time takes both variables into account, and it
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seems logical to expect a stronger relationship of milk 
intake with total suckling time than with the other 
behaviors. Finding no relationship between milk intake and 
total suckling time was surprising. Because the 
relationship between total suckling time and milk intake 
was so weak, I am suspicious of the relationship shown 
between milk intake and suckling bout duration, and I 
hesitate to conclude that bout duration may accurately 
indicate relative milk intake. Differences in calf growth 
and suckling efficiency may have confounded the 
relationships of suckling behaviors with milk intake.
The strong positive relationship of calf growth rate 
with milk intake found here is similar to that shown for 
reindeer (Ranaifer tarandus: Jacobsen et al. 1981; White 
and Luick 1984), red deer (Loudon et al. 1983; Fennessy 
1982), and sheep (Ovis aries: Butterworth et al. 1968; 
Shackleton 1973; Doney et al. 1981). The effect of milk 
intake on growth rate is most pronounced in early life 
(Yates et al. 1971; Doney et al. 1981; White and Luick 
1984) when milk is the only food of young ungulates 
(Robbins et al. 1981). The composition of muskox milk 
varies little, either among cows or with calf age (over the 
ages studied here) (White et al. 1989; Parker et al. 1990). 
Therefore, the differences in milk intake shown here
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closely reflect the differences among the calves in milk 
nutrient intake.
Suckling efficiency (milk volume consumed per time 
spent suckling) increases rapidly as young ungulates age 
(Clutton-Brock et al. 1982; Jingfors 1984; White and Luick 
1984; Robbins et al. 1987; Carl and Robbins 1988). This 
also was true for the muskox calves in this study, 
presumably reflecting the increasing ability of the calves 
to withdraw milk from the udder as they grow.
It is tempting to assume that suckling efficiency is 
equal among young of the same age. Berger (1979), Jingfors 
(1984), and Gauthier and Barrette (1985) suggest that if 
age and other factors are equal (e.g. species, sex, etc.), 
suckling efficiencies among young will be the same. 
Shackleton (1973), however, suggests that differences in 
physical condition could cause differences in suckling 
efficiency, and Horejsi (1976) assumed that large young 
consume milk more rapidly than small young. Carl and 
Robbins (1988) found that the suckling efficiency of single 
mule deer COdocoileus hemionus) fawns is greater than that 
of twin fawns that are the same age, but are smaller than 
the singletons. Red deer calves with high birth weights 
show shorter suckling bouts than calves with low birth
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weights (Clutton-Brock et al. 1982). Factors that promote 
high calf birth weight, such as good body condition of 
females (Clutton-Brock et al. 1982), also should promote 
high milk yield. Therefore, heavy-born calves probably 
receive as much or more milk than light-born calves. To 
consume as much or more milk in less time, heavy-born 
calves must have greater suckling efficiencies than 
light-born calves. This study showed that among muskox 
calves of the same age, heavy calves suckled greater 
volumes of milk per unit of time than light calves 
(Table 6).
One explanation for the lack of correlation of total 
suckling time with milk intake may be that individual 
differences in suckling efficiency may have obscured 
individual differences in total suckling time that were due 
to differences in milk intake. Other studies support this 
explanation. For example, Milne (1987) compared suckling 
behavior and growth of red deer calves and red deer-wapiti 
(C. elaphus) hybrid calves. All calves were nursed by 
their red deer dams. However, hybrid calves grew 
considerably faster than purebred calves. Presumably the 
hybrid calves received more milk, although no differences 
in suckling bout duration or total suckling time were found 
between the two groups of calves. Milne (1987) suggests
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that differences in suckling efficiencies explain the lack 
of difference in suckling behavior between calves with 
vastly different growth rates. Also, Carl and Robbins 
(1988) suggest that there was no difference in suckling 
behaviors between single and twin fawns because singles had 
suckling efficiencies almost twice those of twins. Mendl 
and Paul (1989) found a negative correlation between 
suckling behavior and growth rate for male mice (Mus 
musculus) and male kittens (Felis catus), but no 
significant correlation for the female young of either 
species. Mendl and Paul (1989) suggest that differences in 
suckling efficiencies is one possible explanation for those 
results.
Suckling efficiency of muskox calves was related to 
body weight, and growth rate was related to milk intake. 
Therefore, if differences in milk intake are great enough 
to affect growth rates, suckling efficiencies also will be 
affected. This interaction confounds the analysis of 
behavioral differences that may result from differences in 
milk intake. Time spent suckling is a function of the 
volume of milk being consumed, the calf's suckling 
efficiency, and other variables such as the speed of milk 
let down by the dam.
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Milk intake and suckling efficiency may affect 
suckling time in opposite ways, tending to cancel each 
other. A calf receiving more milk may take more time to 
consume that milk. However, if it has a larger body size 
as a result of greater birth weight or of receiving more 
milk, it may have a greater suckling efficiency, thus 
shortening suckling time. Comparisons of suckling times 
will reveal true differences in milk intake only when 
suckling efficiencies are equal. When suckling 
efficiencies are not equal, however, comparisons of 
suckling times will reveal little.
Within a small range of milk intake levels, suckling 
efficiencies may not vary enough to mask differences in 
suckling behavior that are due to differences in milk 
intake. However, as differences in milk intake increase, 
the resultant variability in growth rates will cause 
increased variability in suckling efficiency. That 
variability in suckling efficiency may then obscure any 
differences in suckling behavior that were due to 
differences in milk intake. This variability in suckling 
efficiency may help explain the mixed results reported in 
the literature, where relationships sometimes are 
significant and sometimes are not.
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Miller et al. (1988) conclude that suckling is an 
impractical behavioral indicator because suckling is highly 
variable and occurs relatively infreguently. Similarly, 
Parker et al. (1990) conclude that suckling bout duration 
is too variable to be a useful indicator of range guality, 
as Jingfors (1984) suggested. This study suggests that 
although observations of suckling behavior contribute to 
understanding the ecology of muskoxen, differences in 
suckling behaviors cannot reliably be used as indicators of 
relative differences in milk intake.
Patterns of grazing and resting by adult muskoxen are 
not good indicators of differences in range guality 
(Jingfors 1980). However, differences in grazing behavior 
of suckling calves may be a useful indicator of differences 
in range guality and milk intake. Low milk intake 
stimulates earlier grazing and rumen development (Doney et 
al. 1981; Robbins et al. 1987). For example, Shackleton 
(1973) found that bighorn lambs that appeared to receive 
less milk began sustained periods of grazing much earlier 
in life than lambs with greater milk intake. Early 
development of grazing and rumen function can enable 
suckling young to compensate for low milk intake (Robbins 
and Moen 1975; Robbins and Robbins 1979), however if milk
intake is very low young may still suffer reduced growth, 
or mortality (Robbins and Moen 1975; Doney et al. 1981).
Although milk intake may affect suckling behavior of 
young muskoxen, this study showed that because milk intake 
also affects calf growth and suckling efficiency, suckling 
behavior is likely to be an unreliable indicator of
relative milk intake. The development of grazing and rumen
function of young muskoxen may be less affected by other
confounding variables and thus may be a better indicator of
range quality and milk intake than is suckling behavior.
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CONCLUSIONS
1) Differences in suckling behavior of muskoxen cannot 
reliably be used as indicators of relative differences in 
milk intake.
(a) Durations of suckling bouts were positively 
correlated with relative milk intake, although that 
relationship was not significant at all ages and is of 
questionable reliability as an indicator of relative 
milk intake.
(b) The length of intervals between suckling bouts was 
not correlated with milk intake at any age.
(c) Total suckling time tended to be positively 
correlated with milk intake at some ages, and therefore 
would not be a good indicator of relative milk intake.
(d) Suckling success was positively correlated with 
milk intake at some ages but not at others; therefore 
suckling success would be an unreliable indicator of 
relative milk intake by muskox calves.
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2) Growth rates of muskox calves were related to their 
milk intakes, and suckling efficiencies were related to 
their body weights. As differences in milk intake 
increase, the variability in growth rates will cause 
increased variability in suckling efficiency, which may 
then obscure any differences in suckling behavior that were 
due to the differences in milk intake. When suckling 
efficiencies are equal among calves, comparisons of 
suckling times may reveal true differences in relative milk 
intake. However, suckling efficiencies are rarely known, 
making comparisons of suckling times an unreliable method 
of measuring relative milk intakes by muskox calves.
RECOMMENDATIONS FOR FUTURE RESEARCH
Miller et al. (1988) and Parker et al. (1990) conclude 
that because suckling behavior of muskoxen is so very 
variable it is not a useful behavioral indicator. The 
results of the present study suggest that because milk 
intake affects calf body size and therefore affects 
suckling efficiency, suckling behavior is an unreliable 
indicator of milk intake. A study relating both nursing 
behavior and the development of grazing behavior under 
controlled conditions is warranted however, as differences 
in grazing behavior of suckling calves may be a more useful 
indicator of differences in range quality and milk intake. 
Low milk intake stimulates earlier grazing and rumen 
development (Doney et al. 1981; Robbins et al. 1987), and 
this behavioral trait may be less affected by other 
confounding variables and thus may be a better indicator of 
range quality and milk intake than is suckling behavior.
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Appendix 1. Regression equations for the log10 
transformations of durations of long suckling bouts (y,s) 
in relation to age (x,d) for six muskox calves from 16 to 
71 days of age.
Calf Equation n r P
FI Y = 2.222 - 0.0091 X 42 -0.699 <0 . 001
F2 Y = 2.138 - 0.0105 X 56 -0.744 <0.001
F3 Y = 2.074 - 0.0087 X 41 -0.706 <0.001
Ml Y - 2.337 - 0.0121 X 45 -0.867 <0.001
M2 Y = 1.984 - 0.0072 X 73 -0.627 <0.001
M3 Y = 2.065 - 0.0093 X 53 -0.725 <0.001
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Appendix 2. Regression equations for log10 transformation 
of total suckling time (y, percent of observation shift) in 
relation to age (x,d) for six muskox calves, including all 
suckling bouts, and only long suckling bouts.
Calf Equation n r P
all bouts
FI Y = 0.2916 - 0.01185 X 13 -0.790 <0.001
F2 Y = 0.3687 - 0.01418 X 12 -0.944 <0.001
F3 Y = 0.3379 - 0.01551 X 11 -0.965 <0.001
Ml Y = 0.4846 - 0.01406 X 12 -0.945 <0.001
M2 Y = 0.4623 - 0.01506 X 14 -0.902 <0.001
M3 Y = 0.4457 — 0.01583 X 11 -0.921 <0.001
longr bouts
FI Y = 0.2699 - 0.01182 X 13 -0.784 <0.001
F2 Y = 0. 3475 - 0.01399 X 12 -0.941 <0.001
F3 Y = 0.2659 - 0.01436 X 11 -0.955 <0.001
Ml Y = 0. 4270 - 0.01333 X 12 -0.930 <0.001
M2 Y = 0.3737 - 0.01384 X 14 -0.882 <0.001
M3 Y = 0.3817 — 0.01488 X 11 -0.929 <0.001
